The Cambridge group of Bragg, Perutz and Kendrew did not find the ␣-helix because they had been wrongly advised about the structure of the peptide bond and they were looking for helical structures with an integral number of turns. Pauling knew that the peptide bond was planar from his theory of resonance and he did not let any Platonic preconceptions guide his model building. The ␣-helix has a 3½-residue turn and two turns for every seven amino acid residues, which project on the same side of the helix about 10 Å apart.
Francis Crick saw that this feature would allow two ␣-helices to interact with each other. If amino acids with hydrophobic side chains such as leucine, methionine or isoleucine occurred every 3½ positions, with hydrophilic residues in other places, the resulting ␣-helix would have a hydrophobic ridge running up one side of it. Thus a protein molecule with this property would dimerize; the two helices would wind gently around each other to form what he called coiled coils and, unlike DNA, the chains would be parallel and have the same polarity.
These predictions were completely fulfilled when the sequences and structures of ␣-helical proteins such as myosin, tropomyosin and paramyosin came to be studied. All showed the features of the sevenfold repeat. Myosin has a strong structure repeat at 143 Å which corresponds to 98 = (7 x 7 x 2) ␣-helical units. When the sequences are analysed or displayed on an appropriate grid, they all show the seven-fold hydrophobic residue repeat; actually this would mean having a hydophobic residue every 3½ residues but as one cannot have half residues, between every seventh residue there is one that is either 3 or 4 positions away.
This structure motif, well known to those working with muscle proteins, reappeared much later in the guise of the so called 'leucine zipper' proteins. These are DNAbinding proteins with carboxyterminal tails showing a clear 3½-fold leucine repeat -that is, leucine occurs at every seventh position with another leucine 3 or 4 positions away. Although a special structure was proposed for leucine zippers, there is no doubt that they are like the other cases of coiled coils and, as in the case of myosin rods, are used to dimerize the proteins that contain them. Several members of the family interact with each other, preferring to form heterodimers because they are more stable than homodimers.
We now understand clearly why so many proteins involved in gene regulation are dimers. This was first clarified for lambda repressor by Mark Ptashne. The dimer allows the same recognition unit to be used twice. Thus, if one subunit fits into one major groove, then on one side of the DNA helix, a half-turn would cover 5 base pairs. Five base pairs above this, the major groove reappears on the same side of the helix, and the same subunit would fit into a complementary sequence; the complement is required to preserve the symmetry. Then, if the affinity of one subunit for one sequence is 10 -5 , say, the affinity of the dimer becomes 10 -10 and specificity is enormously enhanced in a simple way. In addition, if heterodimers can form, then the versatility of DNA recognition is widened, again through simple means.
We require simple steps to achieve these changes so as to ease the evolutionary pathway to greater complexity. Why are so many proteins dimers or, indeed, higher oligomers? One reason might be molecular channelling. Thus in tryptophan synthetase which is a complex of two enzymes, A and B, there is a tunnel that allows indole, the product of the first enzyme, to reach the second enzyme, for which it is the substrate. The other is the basis for regulation of activity. The concept of allostery (which some of us thought was the way they answered the telephone at the Institut Pasteur) was that the regulating molecule had to bind at a site different from that of the substrate, because the two had different chemical structures. Often it appeared that allosteric interactions were mediated through different subunits of the same enzyme and the concept was generalized in this way. Indeed the classic case for the study of allosteric interactions is haemoglobin and here the substrate and effector are one and the same, namely, oxygen.
In the case of the feedback regulators of enzymes in bacteria, it is often the terminal product that inhibits the first enzyme of the pathway. We have to explain how this site evolved. Most probably it existed as another enzyme, and if we imagine that we continuously have mutations that change the surface properties of enzymes so they can interact with each other, productive interactions, where one produces an advantageous regulation of the other, will be retained and improved. For proteins that interact with themselves, the most probable product is an infinite helix, and this polymer may be disadvantageous. Further mutations either could eliminate the interaction or, in a few cases, could convert it so that the protein forms a dimer that then closes the polymerization.
Seven denotes perfection or completion; there are seven days in the week, seven sages, seven deadly sins. But in biology, two may be a better number for closure.
